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(57) Abstract: A piston (20) for an 
internal combustion motor has a skirt 
(22) with a surface (24), which is at 
least partially polished and thereafter 
coated with a coating (26) having a 
hardness of greater than 8 GPa and 
having a coefficient of friction of 
less than 0.20. The piston has an 
increased performance, a longer 
lifetime and a reduced friction. 
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Field of the invention. 

The present invention relates to a piston of an internal combustion 
5 motor, and more particularly to an Improvement of the skirt surface 

of the piston. The invention also relates to a method of treating the 
skirt surface of the piston and to a use of the piston. 

Background of the Invention. 

10 On the one hand, pistons are widely known and used in internal 

combustion motors. The motors often operate with a frequency of 
several thousands rotations per minute at elevated temperatures. A 
lot of attention has been given to the working of those pistons, and 
more particularly to the reduction of friction of the piston Inside the 

15 cylinder bore. Incremental reductions in friction or incremental 

improvements in lubrication may increase substantially the efficiency 
of the motor. 

On the other hand, coatings such as diamond-like coatings are well 
20 known in the art, amongst others, for their hardness, for their 

corrosion resistance and for their low coefficient of friction. Diamond- 
like coatings have been applied successfully on various automotive 
components such as valve heads, rods, shafts, piston rings, and 
cylinder heads... 

25 

Despite the widely spread use of pistons of Internal combustion 
motors and despite the existence of hard coatings such as diamond- 
like coatings, application of hard coatings such as diamond-like 
coatings to the skirts of pistons has proved to be unsuccessful and 
30 not in line with other applications of diamond-like coatings. 

Summary Q* Wre invention, 

It is an object of the invention to avoid the disadvantages of the prior 
art. 

35 It Is a further object of the invention to reduce the friction of a 

working piston of an Internal combustion motor. 
It is another object of the invention to reduce the need for an 
additional lubricant. 
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It Is still another object of the invention to Increase the lifetime of a 
piston of an Internal combustion motor. 

It is yet another object of the invention to Increase the performance 
of a piston of an internal combustion motor. 

5 

According to a first aspect of the present invention, there is provided 
a piston with a skirt. The skirt has a surface, which is at least 
partially polished and thereafter coated with a coating having a 
hardness of greater than 8 GPa and having a coefficient of friction of 

10 less than 0.20. 

The term hardness refers to a Vlckers hardness. 
The terms coefficient of friction refer to a friction coefficient as 
measured in a ball on disk test In dry circumstances. Reference is 
here made to ASTM G99 and to DIN 50 324. The friction test can be 

15 performed by means of a multi-axis tribometer such as type TE 79 

provided by Phoenix Tribology Ltd. 

The part of the surface of the skirt Is preferably polished until a 
surface with a flat surface morphology Is obtained. The surface has 

20 at least partially a ten-point mean roughness Rz of less than 1.0. 

The ten-point mean roughness is determined as follows. A section of 
standard length is sampled from the mean line on the roughness 
chart. The distance between the peaks and valleys of the sampled 
line is measured in the y-direction. Then the average peak is 

25 obtained amongst the five tallest peaks and the average valley is 

obtained amongst the five lowest valleys. The sum of these two 
values Is then made and is expressed In micrometer (urn). 

The part of the surface of the skirt is preferably polished until a 
30 surface roughness Ra of less than 0.15 has been reached. 

The term Ra refers to the arithmetical mean roughness and its value 
is expressed in micrometer (urn). Preferably Ra ranges from 0.08 to 
0.15, most preferably from 0.08 to 0.12, e.g. from 0.08 to 0.10. 

35 The working of the invention can be explained as follows. 
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A prior art piston skirt is provided with strlatlons, ridges or small 
grooves. Generally the skirt surface has a ten-point mean roughness 
Rz about 7 to 8 and an arithmetical mean roughness Ra ranging from 
5 about 1 to about 5. The reason is that the skirt surface must retain 

the lubricating oil in order to allow for the sliding while reducing wear 
and friction. The relatively high surface roughness of the skirt 
functions as a reservoir for the lubricant. 

So the skirt surface has an image of relatively high peaks and deep 
10 valleys. Coating the skirt with a hard coating such as a diamond-like . 

carbon coating will not take away the existing roughness. Only the 
peaks will be covered with a hard coating that will make contact with 
any neighboring part. The surface area of the peaks Is too small to 
make any effect. 

15 The present invention departs from the generally accepted 

assumption that the skirt surface must be rough. The invention 
provides a polishing treatment prior to the coating so that the 
landscape of the skirt surface is flattened and that more working 
surface becomes available so that the effect of diamond-like carbon 

20 coatings is more pronounced. 

The polishing treatment reduces the existing roughness and the 
reservoir available for the lubricant. However, this has not been 
considered as a disadvantage due to the self-lubricating properties of 
diamond-like coatings and due to a reduced need for extra 

25 lubrication. 

JP-A- 2000-320670 discloses a surface treatment method for a piston 
of a hydraulic pump or a hydraulic motor. To improve the sliding 
performance of the piston in a bore a surface hardening treatment is 
30 applied, thereafter the hardened layer is polished and the polished 

layer is coated with diamond-like carbon. The working circumstances 
of a hydraulic pump or hydraulic motor, however, are not that severe 
as in an Internal combustion motor. 



PCT/EP2004/050340 



According to the invention, preferably the hard coating Is selected 

from the group of diamond-like carbon coatings, diamond-like 

nanocomposlte coatings, and wolfram carbide coatings including any 

doped such coatings or a combination thereof. 

The terms "wolfram carbide" coatings refers to wolfram carbide 

coatings as such but also to wolfram carbide coatings, which have 

been enriched with carbon or to WC/C coatings with an additional 

layer of carbon in order to reduce the fHctlon. 

For example, the hard coating may have two layers, a first layer of a 

diamond-like coating (DLC) and a surface layer of a diamond-like 

nanocomposlte coating (DLN), which has a coefficient of friction, 

which is even lower than the coefficient of friction of DLC. 

DLC coatings (a-C:H) are a mixture of sp2 and sp3 bonded carbon 

atoms with a hydrogen concentration between 0 - 80%. 

DLN coatings (a-C:H/a-Si:0) are commercialized under the 

trademark DYLYN® and comprise C, H, Si and O: 

a-Si;0 enhances high temperature stability, leads to lower fHctlon & 

lowers films stress 

a-C:H provides diamond-like properties. 

An intermediate tie layer may be present between the polished skirt 
surface and the coating In order to increase the adhesion between the 
substrate of steel or aluminum and the hard coating. 
In case there is an intermediate tie layer, the intermediate tie layer 
may be selected from a group consisting of diamond-like 
nanocomposlte coatings, doped diamond-like coatings, TIN coatings, 
Tl (C,N) coatings, l-C coatings, wolfram carbide coatings, SiN 
coatings, CrN coatings or a combination hereof. 

The hard coating on the polished skirt surface may have a thickness 
ranging from 1 micrometer to 10 micrometer, for example from 2 
micrometer to 6 micrometer, e.g. about 4 urn. 

According to a second aspect of the invention, there Is provided a 
method of treating a piston, where the piston has a skirt. 
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The method comprises the following steps: 

a) polishing at least partially the surface of the skirt; 

b) coating the thus polished surface with a coating having a hardness 
of greater than 8 GPa and having a coefficient of friction of less than 
0.20. 

Preferably the coating is done under vacuum, e.g. by means of a 
chemical vapor deposition (CVD) process, most preferably by means 
of a plasma assisted chemical vapor deposition (PACVD) process or 
by means of a mixed PVD/PACVD process. 

The invention piston according to the first aspect of the invention or 
treated according to the second aspect of the Invention may be used 
in an Internal combustion engine. 

Brief description of the drawings. 

The invention will now be described into more detail with reference to 
the accompanying drawings wherein 

FIGURE 1 shows a schematical drawing of a prior art embodiment of 
a piston; 

FIGURE 2 shows a schematical drawing of a piston according to the 
first aspect of the invention. 

Description of a prior art embodiment 

FIGURE 1 shows a prior art embodiment of a piston 10. The piston 
10 has a skirt 12. An enlarged view of its surface 14 is also shown. 
This enlarged view shows a surface with roughnesses Ra ranging 
from 3 to 5 and even higher. The valleys between the peaks serve as 
reservoir for the lubricant and facilitate the mounting of the lubricant 
upwards. The coating of this prior art piston skirt with a hard coating 
does not lead to any substantial advantages. The reason is that any 
contact with e.g. the cylindrical bore is limited to the surfaces of the 
peaks, which are too small. 
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Description of the preferred embodiments of the invention. 

Embodiment 1 

FIGURE 2 shows an embodiment of a piston 20 according to the 
invention. The piston 20 has a skirt 22 which may be out of steel or 
out of aluminum or out of titanium. The skirt 22 has been subjected 
to a polishing treatment preferably until its surface 24 obtains a 
roughness Ra of below 0.10. Thereafter a PACVD process deposits a 
hard diamond-like carbon coating with a thickness ranging between 1 
um and 6 um, a harness greater than 10 GPa and a coefficient of 
friction lower than 0.20. 

The PACVD process mainly occurs as follows. 

The pistons 20 with the polished skirt surfaces 24 are placed In a 

vacuum chamber. 

A liquid organic precursor containing the elements C and H in suitable 
proportions is introduced in the vacuum chamber. A plasma is 
formed from the introduced precursor by an electron assisted DC- 
discharge using a filament with a filament current of 50-150 A, a 
negative filament bias DC voltage of 50-300 V and with a plasma 
current between 0.1 and 20 A and a composition is deposited on the 
piston skirt, to which a negative DC- bias or negative RF self-bias 
voltage of 200 to 1200 V is applied, in order to attract ions formed in 
the piasma. 

The plasma generation and the vacuum deposition may be performed 
in one single chamber. The pistons 20 may be arranged on a 
rotatable support (In the upper part of the vacuum chamber) in a 
manner similar to that shown In US-patent 5,352,493. The base 
pressure In the vacuum chamber is 3x10-7 mbar and the typical 
working pressure is maintained at 1x10-4 to 1x10-3 mbar by 
diffusions pumps (controlled with throttle valves). 
The piston skirts 22 can be cleaned by an in-situ (Ar-) plasma etching 
process prior to deposition. This plasma etching may last for 3 to 
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30 minutes. The piston skirt temperature does generally not exceed 
200 °C during the deposition process. . 

A liquid precursor Is preferably preheated above 30 °C before or 
5 during release In the vacuum chamber. The precursor Is delivered to 

the vacuum chamber e.g. through a heat resistant porous body with 
a porosity of e.g. 30 to 50 %. The precursor can continuously be 
metered In small quantities through a tube, which delivers it as a 
vapor or a mist to the porous body. Otherwise the precursor can be 
10 introduced in batch in an open reservoir, which is placed in the 

chamber before this is put to vacuum. This reservoir can be 
electrically heated prior to the start of the deposition process inside 
the chamber to form the vapor. 

15 A bundle of alloyed Tungsten filaments is placed as a cathode 

typically at about -150 V (DC bias voltage) in front of the earthed 
porous body. The body Itself, with the inlet tube for the precursor at 
the backside of the porous body may be mounted in the lower part of 
the chamber. The filament bundle Is convexly bent, e.g. to a half 

20 circle In a vertical plane and with a length of 15 to 30 cm. The current 

in the cathode filaments is preferably between 50 and 120 A (AC). 
The plasma current (measured between filament bundle and earthed 
porous body) can then typically amount to about 0.5 to 3 A. 
Preheating the precursor may offer the advantage that the current 

25 needed afterwards In the cathode filaments (for generating the 

plasma) could be lowered. 

The distance between the uppermost area of the bent cathode bundle 
and the piston skirt is at least about 20 cm. The deposition occurs 
30 from bottom to top through attraction of the plasma ions by the 

substrate support, which is put to a negative RF self-bias voltage of 
typically about 400 V. Also the RF frequency is preferably much lower 
than that used according to US patent 5,352,493; viz, between 100 
and 500 kHz and specifically about 200 to 300 kHz. 

35 
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Invention pistons for motors with two stroke cycles have shown an 
Improved behavior with respect to existing prior art pistons. This 
improved behavior resulted from an increased lifetime or from an 
increased performance. 

5 

Embodiment 2 

The following double coating has been deposited on a polished piston 
skirt 22: 

First a diamond-like carbon (DLC) coating of 3 urn; 

10 - Thereafter, a diamond-like nanocomposlte (DLN) coating 

of 1 pm In order to profit from the usually lower coefficient 
of friction of DLN (e.g. less than 0.10 for DLN instead of 
less than 0.20 for DLC). Although lower than the hardness 
of DLC, the DLN topcoat still has a hardness higher than 

15 10 GPa. 

.Embodiment 3 

First some tie layers have been deposited on a polished piston skirt, 
and thereafter an i-C coating has been deposited: 
20 a TIN layer; 

a TI (C,N) layer; 
an i-C coating 

The coating has a hardness of more than 30 GPa and the coefficient 
of friction is less than 0.10. 

25 

First a tie layer of a silicon-nitrogen doped diamond-like carbon 
coating is deposited on a polished piston skirt. This coating has a 
good adhesion to the substrate. Thereafter a DLC top layer is 
30 deposited. 

Embodiment 5 

First a tie layer of DLN is deposited as tie layer on the polished piston 
skirt. Thereafter a DLC top coating is deposited. 

35 
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Embodlment 6 

The initial rough surface of the piston skirt had following roughness 
parameters: 

Ra = 0.79 um 

Rz = 6.32 urn 

After polishing the piston skirt had a smooth planar surface with 
following roughness parameters: 

Ra = 0.02 um 

Rz = 0.21 um 

The polished piston skirt has thereafter been covered with a DLC 
coating. 
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CLA1MS 

1. A piston (20) for an internal combustion motor, 

said piston (20) comprising a skirt (22), 
characterized In that 

said skirt has a surface (24) which Is at least partially polished 
and thereafter coated with a coating (26) having a hardness of 
greater than 8 GPa and having a coefficient of friction of less than 
0.20. 

2. A piston (20) according to claim 1, wherein said skirt (22) has a 
surface with a flat surface morphology and which has at least 
partially a ten-point mean roughness Rz of less than 1.0. 



15 3. A piston (20) according to any one of the preceding claims, 

wherein said skirt (22) has a surface, which has at least partially 
. an arithmetical mean roughness Ra of less than 0.15. 

4. A piston (20) according to any one of the preceding claims 

20 wherein said coating (26) is selected from the group of diamond- 

like carbon coatings, diamond -like nanocomposite coatings, 
wolfram carbide coatings or a combination thereof. 

5. A piston (20) according to any one of the preceding claims 

25 wherein an intermediate tie layer Is present between said polished 

surface and said coating. 

6. A piston (20) according to claim 5 wherein said intermediate tie 
layer Is selected from a group consisting of diamond-like 

30 nanocomposite coatings, doped diamond-like coatings, doped 

diamond-like nanocomposite coatings, TIN coatings, Tl (C,N) 
coatings, SiN coatings, CrN coatings, wolfram carbide coatings or 
a combination hereof. 
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7. A piston according to any one of the preceding claims wherein 
said coating has a thickness ranging from 1 micrometer to 10 
micrometer. 

8. A method of treating a piston (20) of an internal combustion 
motor, 

said piston having a skirt (22), 
characterized in that said method comprises the following steps: 

a) polishing at least partially the surface of said skirt (22); 

b) coating said at least partially polished surface (24) with a 
coating (26) having a hardness of greater than 8 GPa and having 
a coefficient of friction of less than 0.20. 

9. A method according to claim 8, wherein said coating is done in 
vacuum. 

10. A method according to claim 8, wherein said coating is done by 
means of a CVD process, a PVD process, a PACVD process or a 
mixed PVD/PACVD process. 

11. Use of a piston according to any one of claims 1 to 7 in an internal 
combustion motor. 
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